Plants respond to stresses related to microgravity. Calcium (Ca 2+ ) and Reactive Oxygen Species (ROS) have been shown to be involved in the signaling of rapid systemic response (figures 2 and 3; Gilroy et al., 2016 and Steinhorst et al., 2013) . RNAseq has been used to identify genes affected by point mutations within the touch responsive gene CML24 (TCH2 in figure 1 ) identifying genes that are involved in the tch2 signaling pathway. By using bioinformatics, network analysis has been performed (figure 1) to help determine the role that the gene CP1 (AT5G49480.1) plays in touch response and calcium signaling. New phenotyping protocols have been developed to analyze the effect of mechanical stimulation through vibrations. This has produced a standardized way in which the effects of vibrations on plants are measured and tested, allowing us to determine whether the effects can be mitigated or enhanced through mutations. This work is funded by NASA and WSGC.
Introduction
Summary and objective: The Gilroy Lab TOAST database has identified a network of genes that respond to spaceflight and are important nodes in the terrestrial mechanical and pathogen response signaling pathways. The gene called Calcium binding Protein 1 (CP1, AT5G49480.1) was believed to play a role in the size of Arabidopsis thaliana plants as well as the underlying response mechanisms to abiotic stress that that these plants experience. The purpose of this project was to help determine the functionality of CP1 and its relation to the Touch Two (TCH2, AT5G37770.1), the Respiratory Burst Oxidase Homolog protein D (RBOHD, AT5G47910.1), and the Calcium-Dependent Protein Kinase 26 (CPK26, AT4G38230.2) genes the three of which were related in touch stimuli and the associated pathways that were activated by external stimuli. tch2 & rbohD mutants were recently grown on the ISS as part of the Gilroy Lab APEX5 project; this project allowed for the analysis of how their genetic networks adapt to the stresses of spaceflight. Dissecting how these genetic and proteomic interactions work on Earth such as those shown in figure 1 have provided insights into the impact that spaceflight has and will continue to have on plants. 
Background:
The calcium ROS wave was reviewed by Gilroy et al. (2016) . In this paper, evidence was presented indicating that rapid systemic signaling was essential for plant acclimation to abiotic stress. The associated pathways have been explored to some degree about the function of the proteins involved. CP1 was experimentally linked to the same Ca 2+ pathway as the ROS and calcium waves with a degree of confidence; however, the exact relationship and interactions of CP1 have yet to be explored (figures 2 and 3). It has been important to understand this relationship due to the behavior of plants when exposed to abiotic stress such as those found in Arabidopsis. ROS and calcium waves have been seen to propagate through Arabidopsis as a result of abiotic stress and, as a way to acclimatize, have been seen to mediate systemic cell-tocell communication (Gilroy et al., 2016) . In the Gilroy et al., (2016) paper and another paper by Steinhorst et al., (2013) , it was shown that TCH2 and RBOHD were involved in the same Ca 2+ signaling pathway as CP1 that corresponds to the calcium and ROS wave transmission throughout the plant. Figure 4 showed that the genes involved in response to ROS signaling were altered during spaceflight in the BRIC19 study by the Gilroy Lab. Due to this change observed in ROS response signaling, rbohD and cat-2 mutants were used in the vibration study to further understand how specific mutations within the ROS signaling pathway effect the root system architecture (RSA) of A. thaliana. During the Gilroy Lab's APEX5 mission, the RSA of A. thaliana was observed to change dependent on the microgravity environment experienced on the ISS (figure 5). This difference in RSA may have been due to hypoxia, gravity, or even vibrations from spaceflight (Cho et al., 2019) . The idea of vibrations affecting plant growth in space was not investigated in as much depth as the other potential causes of growth differences, hence the decision to further study how vibrations may affect plant growth. 
Materials and Methods
In this experiment, two different genotypes of A. thaliana, Ws-2 and Col-0, and two mutants, cat-2 and rbohD, were observed. Each variant was observed in two different chambers; the control chamber and the "vibration chamber." Each variant had 11 seeds sowed onto 4 plates made of "Space Media," where space media is a 1% Phytogel, 0.24% (½ strength) LS Nutrients, and 0.3% sucrose gel. These plates were wrapped in aluminum foil and then placed into a refrigerator for 24 hours so that the germination process between all of the variants would be consistent. After these plates were refrigerated, they were placed under white light for 48 hours and then were scanned into a computer so that the root system growth could be analyzed using ImageJ, RStudio, and R Shiny applications.
The two chambers were made from a 12x12x12 inch styrofoam cooler with 1 inch thick walls. In the bottom of the vibration chamber, a speaker was placed controlled by a Raspberry Pi. The control chamber did not have a speaker. In both chambers, a wooden platform was placed to raise all of the plates up to the same height. Over each chamber, a square piece of plexiglass was placed to allow light into each chamber.
Each variant was distributed onto four Space Media plates, two plates per variant were put in the vibration chamber, and the other two plates were placed in the control chamber. The speaker in the vibration chamber produced a 1000Hz frequency for one second and then was silent for one second; over the course of 2 weeks, it repeated this pattern. Every 48 hours during this 2 week period, the plates were taken out of their chambers and scanned. Figure 6 is an example of the scans produced by this method. Each of these scans were split into individual photos by genotype, date, and chamber so that root growth analysis could be performed using ImageJ and the data were analyzed using RStudio (figure 7). Results Figure 7 shows that the A. thaliana variants in the vibration chamber had a difference in root growth rates and the direction in which the plants grew. The roots were shorter and generally grew in a straight path in the vibration chamber and they were less consistent in the control chamber. This can be seen by looking at how much or how many roots deviate from a main path in figure 7 . The rbohD and Col-0 variants tended to skew more in the control chamber and in the vibration chamber than the cat-2 variant. Though, in the control chamber, the roots did not always grow similarly and this can be seen by how spread out the root system architecture is in figure 7 . Figure 8 shows a statistical analysis of the impact on total root system length as well as root system growth in A. thaliana. Figure 8 . A shows that at time = 3 days, which was day 5 of the experiment, there was a statistical significance in the total root system length within the vibration chamber (vibratotron in the figures) and between the vibration chamber and the control chamber. It also shows that at time = 3 the rate of root system growth, which is the change in root length per day, is much higher in the control group than in the vibration chamber. rbohD was also seen to be more resistant to the vibrations than the other variants within this experiment. 
